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Abstract 
 
The Impact of Explicit Instructions, Expertise, and Personality on Creative 
Improvisation amongst Jazz Pianists 
David S. Rosen 
John Kounios, Ph.D. & Youngmoo E. Kim, Ph.D. 
 
 
 Past studies have reported that explicit instructions to “be creative” 
facilitate creativity in many domains. This study examines the impact of such 
instructions on jazz pianists’ improvisations and how expertise, personality, 
and affect contribute to the creativity of their performances. Pianists 
improvised to a novel chord sequence with bass and drum accompaniment, 
and jazz experts rated their performances on 3 scales: creativity, technical 
proficiency, and aesthetic appeal. Multilevel regression showed two 
interactions that significantly predicted musicians’ improvisation ratings, 
Scale-Type x Instructions and Expertise x Instructions. Under explicit 
instructions, pianists received higher creativity ratings, aesthetic appeal 
decreased, and technical proficiency did not change; however, this effect was 
highly dependent on expertise such that explicit instructions had beneficial 
effects on creativity only for less experienced improvisers but had no effect or 
a small negative effect on expert jazz musicians. Furthermore, there was a 
positive relationship between the personality trait “concern over mistakes” 
and improvisation ratings that was independent of instructions, experience, 
or scale-type. Lastly, post-hoc analyses revealed an interaction between 
negative affect and experience, indicating that less-experienced musicians’ 
moods fluctuated more in a way that was dependent on their success at 
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improvising more creatively. These findings indicate that training and 
experience afford jazz pianists the ability to develop efficient creative 
processes, relying more on implicit, unconscious cognitive systems than 
novices. Since explicit “be creative” instructions are a challenging goal that 
occupies the conscious mind, they interfere with the optimal creative 
processes of expert jazz musicians; however, for less experienced musicians, 
consciously attending to a creative goal can shift focus away from low-level 
music features, allowing musicians to deviate their performance strategies in 
ways that facilitate more creativity. We discuss this further in relation to 
models of creative cognition, specifically, with regard to the controlled-
attention theory of creativity.
!
!
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1. Introduction & Literature Review 
 While the effects of explicit instructions on creativity and creative 
products have been reported across multiple domains and various tasks (i.e. 
Chen et al., 2005), instructions’ impact on music improvisation have yet to be 
tested. Explicit instructions studies examining the impact of expertise in art 
or music domains is scarce. Traditionally, creativity assessments, such as 
divergent thinking tests (DTT) or insight problems, are novel to participants 
and far-removed from real world creative production; however, jazz 
improvisation is a unique, example of spontaneous creativity that allows 
trained jazz musicians to demonstrate their skill, style, creativity, and 
expression on a familiar, learned task.  
 This study evaluates the relevant factors underlying musical creativity 
amongst a sample of jazz pianists and tests whether creativity can be 
modulated via instructions to be creative. Developing and enhancing musical 
creativity is a particularly difficult problem, since musicians that acquire 
advanced technical skills are not necessarily capable of thinking creatively 
and imaginatively about music (Webster, 1988). Therefore, if a simple ‘be 
creative’ goal can alter one’s creativity, mindset, and cognitive processes, this 
can be a powerful tool for developing music education curricula that address 
both technical skill and personal creativity. Additionally, this work provides 
further evidence for the relationship between expertise and creativity and the 
cognitive mechanisms and systems that are engaged during expert-level 
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creative ideation and production. 
 
1.1 Spontaneous Creativity and Music Improvisation  
 Music improvisation represents a unique instance of creative behavior, 
spontaneous creativity. Within musical creativity, there is an accepted 
distinction between composition and improvisation (Nettl & Russell, 1998).  
The main difference is the time available for response generation (Fisher & 
Amabile, 2009) and the fact that modification, evaluation, planning and 
execution of ideas must happen in real-time, simultaneously, while 
improvising, making it a highly demanding cognitive task.   
 Music improvisation has been defined as the degree composition and 
execution of an action converge in time. It must be novel and diverge from 
prior plans, past performances, and ideas (Moorman & Minor, 1998); 
however, experienced musicians and improvisers, through rigorous training, 
automatize certain motor responses, building a ‘musical vocabulary’ that can 
be executed effortlessly. Thus creative improvisation necessitates a 
combination of freshness, expression and spontaneity with previously learned 
musical ideas and concepts while keeping an overall goal/plan in mind 
(Chaffin et al., 2006). 
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1.2 Jazz Improvisation, Expertise and Improvisational Cognition   
 Although music improvisation can take many forms, jazz 
improvisation is a distinct type that includes the ability to generate the 
unforeseen, within the pre-existing structure of a song’s chord structure, 
carefully balancing tradition and innovation (Berliner, 1994). Musicians’ 
creative deviations from the expected are one of the main criteria for 
assessing jazz mastery (Montuori, 2003) and improvisation training is critical 
in jazz. Therefore, to gain insight into expert-level creativity within music 
improvisation, using samples of jazz musicians is desirable.  
 Jazz improvisation is considered a mysterious form of creative 
behavior, frequently described as occurring in an altered state, beyond 
conscious awareness or control for expert performers (Dietrich 2003; 
Nisenson, 2009). Jazz musicians corroborate these cognitive theories of 
improvisation, reporting feelings of automaticity and psychological flow when 
improvising (Pressing, 1988). Legendary jazz trumpeter, Miles Davis, said, 
“I’ll play, and tell you what it is later” (Szwed, 2012). The jazz saxophonist, 
Charlie Parker stated, “You've got to learn your instrument. Then, you 
practice, practice, practice. And then, when you finally get up there on the 
bandstand, forget all that and just wail” (Pugatch, 2006).  
 These quotes highlight how rigorous training allows a musician to 
freely improvise during a performance in a flow-like state. Statements like 
these also indicate that expert improvisers’ creative processes heavily rely on 
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implicit, unconscious systems. Expertise allows one to lessen the cognitive 
burden of explicit systems because their experience allows them to forego 
attending to low-level music features when improvising. These experiences 
have a profound effect on musicians’ ability to rapidly, efficiently, and 
automatically access musical patterns and combine them such that they 
unfold as a complex, novel performance (Pressing, 1988).  
 There is burgeoning interest in the neural mechanisms underlying jazz 
improvisation, seeking to understand how improvisation differs from other 
musical and creative tasks and across individuals with various expertise 
levels. An fMRI music improvisation study amongst pianists reported distinct 
brain activation patterns (widespread deactivation of prefrontal and parietal 
association cortices) and enhanced network connectivity (between prefrontal, 
premotor, and motor regions) that were dependent on musicians’ 
improvisational expertise (Pinho et al., 2014). Thus, neural mechanisms 
underlying music improvisation vary by individual and expertise is a critical 
factor. The greater functional connectivity in experienced improvisers is 
thought to reflect more efficient information processing within associative 
networks critical for creativity (Pinho et al., 2014). 
  The deactivations of prefrontal and parietal associative cortices are 
concordant with previous neuroimaging improvisation studies that found 
similar deactivations for musicians compared to non-musicians in the right 
temporoparietal junction while improvising (Berkowitz & Ansari, 2010) and 
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for expert jazz musicians in the dorsolateral prefrontal cortex when 
comparing jazz improvisation to a memorized melody task (Limb & Braun, 
2008).   
 There are various interpretations of these results. First, deactivations 
of brain regions, specifically prefrontal cortices, indicate that extensive 
training could lead to the automatization of cognitive processes that are used 
to produce novel improvisations (Pinho et al., 2014). These deactivations 
represent the ability of experts to shift focus away from top-down, stimulus-
driven attention (i.e. notes played or chord sequences) toward a more bottom-
up, goal directed approach (i.e. playing expressively, developing melodic 
themes) (Berkowitz & Ansari, 2010). Training allows musicians to devote 
cognitive resources toward more global goals, rather than focusing on the 
specific music features of the task. Additionally, Limb & Braun (2008) 
theorized that deactivation of prefrontal cortices may be associated with 
unconscious behaviors beyond volitional control, characterized by defocused, 
free-floating attention that promotes sudden insights and ideas to be 
generated. 
 While past research has indicated that conscious self-monitoring and 
explicit thought can hinder creativity in certain domains (Guilford, 1967; 
Schooler & Melcher, 1995), the extent to which this is true for music 
improvisation is uncertain. Instead, it seems likely that jazz improvisation 
expertise allows conscious systems to focus on higher-level features of a 
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performance like creativity, while unconscious, automatized systems allow 
for the quick recall and execution of musical ideas that would be appropriate 
for a given musical context.  
 Baumeister et al. (2007) tested how the creativity and music features 
of improvisations amongst guitarists were affected when occupying the 
conscious system with tasks of high (counting backwards from 917 by 6’s), 
low (counting forward from 15 by 1’s), and no cognitive load. Occupying the 
conscious system with a high cognitive load task impaired creative 
performance compared to the no-load and low-load tasks. It should be noted 
that cognitive load did not affect the number of notes played, number of 
“wrong notes”, or the ability to stay in time.  Thus, experienced musicians 
may be able to automatize certain aspects of improvisation but require 
conscious systems to actively avoid stereotypical responses and develop 
creative melodies/themes for improvisation (Baumeister et al., 2007). The 
explicit systems’ focus on these high-level musical features may be a critical 
difference between expert and novice improvisers’ creative cognition.   
 
1.3 Creative Jazz Improvisation, Cognitive Control, and Working Memory 
 Although jazz improvisation is a highly specialized domain to assess 
creativity, the cognitive mechanisms underlying this spontaneous creative 
behavior follow a prototypical form with the assumption being that novel 
combinations of ordinary mental processes are at work (Ward & Kolomyts, 
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2010). Some of the relevant mental processes for music improvisation and 
spontaneous creativity include: focused attention to action, goal-maintenance, 
working memory, and the inhibition of stereotype responses (Lau et al., 2004, 
Nathaniel-James & Frith, 2002, Desmond, Gabrieli, & Glover, 1998). These 
processes characterize the controlled-attention theory of creativity. 
 There are two predominant cognitive theories of creative production 
and output: the controlled-attention theory and associative theory. The 
controlled attention theory stipulates that creativity emerges from strategic, 
attention-focused behavior (i.e. Beaty & Silvia 2012, 2013; Benedek et al., 
2014), and the associative theory states that unconscious, implicit processes 
and the ability to access more remote associations are critical to creativity 
and creative insights (i.e. Baird et al., 2012; Kounios et al., 2006). Still, others 
report that cognitive flexibility and a dual process model of creativity are 
critical to creative thought (Beaty et al., 2014; Barr et al., 2014).  
 Studies highlighting the importance of controlled attention and 
cognitive control in creative ideation report that various measures of 
executive functioning (fluid intelligence, working memory, etc.) predict and 
are highly correlated with creativity (Nusbaum & Silvia, 2011, Benedek et 
al., 2014, Beaty et al., 2014), most commonly assessed by DTT. Working 
memory capacity (WMC) is an aspect of executive functioning that is 
repeatedly measured in these studies. WMC is responsible for various aspects 
of creative thinking: updating incoming information (Benedek et al., 2014), 
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attention control (Engle, 2002), effective memory search (Wiley & Jarosz, 
2012), avoiding interference, and persistent, focused processing (Carsten et 
al., 2012). 
 Working memory is critical for certain types of creative thinking; 
however, two recent studies failed to find a positive relationship between 
WMC and the creativity of improvisational music performances. In a study of 
jazz musicians, WMC and fluid intelligence measures had a negative 
relationship with the creativity of improvisations (Beaty et al., 2013). Also, 
Carsten et al. (2012) reported no effect of WMC on improvisational creativity 
amongst trained cellists with different levels of improvisational experience, 
yet cellists with greater WMC displayed increased creativity over time 
(during 3 consecutive trials). WMC may function, in this context, to provide 
musicians with a greater ability to inhibit proactive interference from past, 
less creative performances (Carsten et al., 2012). Seemingly, WMC and 
cognitive control predict creativity on some tasks, but the ability to creatively 
improvise seems to rely less on WMC, cognitive control, and focused attention 
and more on unconscious, implicit processes at its highest level. 
  Many creativity assessments require individuals to formulate novel 
problem-solving strategies and conduct an active memory search; however, 
neuroimaging and cognitive studies of music improvisation indicate that 
expert musicians are able to automatize many aspects of their 
improvisations. In this study, individuals are instructed to ‘be creative’ after 
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improvising in a standard, no-instructions condition. Musicians are, 
essentially, asked to redirect their attention to the creative goal, causing a 
deviation from their habitual creative processes. In order to understand how 
and why this may change the quality of performance, it is necessary to review 
the explicit instructions literature. 
 
1.4 Explicit Creativity Instructions  
 Explicit instructions have facilitated creativity in more than 30 studies 
across a variety of divergent thinking and real-world tasks. While traditional 
DTT have been used in many studies (Harrington, 1975; Katz & Poag, 1979; 
Runco, 1986, Runco & Okuda, 1991, etc.) along with analogical reasoning 
(Green et al., 2012) and verbal tasks (Prabhakarn et al., 2013), the emerging 
trend is for more recent explicit instruction tasks to incorporate real-world 
scenarios (Chand & Runco, 1993; O’Hara & Sternberg, 2001; Runco, Illies & 
Eisenman, 2005), architecture and design tasks (Chen et al., 2005; Chua & 
Iyengar, 2008), business management problems (Shalley, 1991, 1995), 
story/poem writing, and sketching (Chen et al., 2005). This study seeks to 
extend this research to the domain of music, specifically, jazz improvisation. 
 Harrington (1975) conducted the classic study for explicit instructions 
to be creative. He reported differential effects of instructions based on general 
creative abilities. Only men who scored in the upper third significantly 
increased their originality scores with explicit instructions, and creative 
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performance decreased with explicit instructions for participants scoring in 
the lower third. This highlights how individual differences influence the 
effect of explicit creativity instructions.  
 Creative instructions may not work for some subjects because they 
lack intellectual self-confidence and are susceptible to anxiety upon being 
asked to be creative. Thus, personality traits may underlie how explicit 
instructions differentially affect creative performance. Alternatively, 
instructions may only help those individuals who have a certain threshold of 
creativity and domain-specific skills. Those without an adequate baseline 
level of creativity and domain knowledge may try maladaptive strategies for 
increasing creativity when asked. Since creative jazz improvisation relies 
heavily on expertise, it is possible that explicit instructions have a 
differential effect based on expertise.  
 Setting an explicit creativity goal boosts and sustains attention (Locke 
& Latham, 2002), and imposing a standard strongly affects self-reactions and 
regulates task performance (Cervone et al., 1991). It seems likely that explicit 
instructions could ramp up the controlled-attention components of creative 
thought, causing participants to more closely maintain focus and consciously 
monitor their performance to achieve increased creativity while improvising. 
Therefore, explicit instructions may interrupt or contend with the implicit, 
unconscious processes that characterize expert level improvisation, imposing 
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a challenging goal on the musician that consumes their attention and 
increases cognitive load.  
 Chua & Iyengar (2008) examined the effects of prior experience and 
training on real world tasks (giftwrapping, designing advertisements).  The 
combination of sufficient prior experience, explicit instructions, and a high 
degree of choice optimized creative production in a significant 3-way 
interaction; however, without the proper experience, a greater number of 
options led to decreased creative output. This is further evidence that there is 
an important relationship between expertise, explicit instructions, and 
creativity. 
  
1.5 Personality, Musical Creativity, and Explicit Instructions 
 Non-cognitive factors such as personality and mood are related to one’s 
creative abilities (Prabahkaran et al., 2013). Thus, individuals intellectually 
capable of completing a task may falter when their personality traits do not 
align with task requirements (Goldberg, 1993). For the music improvisation 
task, agreeableness, the extent to which an individual is good-natured, 
cooperative and trustful (Goldberg, 1981), should be important in 
determining the willingness of an individual to accept the explicit 
instructions. Because one’s reaction to instructions is critical, the degree 
participants adhere to researcher instructions must be considered. Also, 
‘openness to experience’, which assesses an individual’s active imagination, 
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aesthetic sensitivity, and intellectual curiosity (Costa & McCrae, 1992) has a 
positive relationship with creativity (Dollinger et al., 2004; Feist, 2010). For 
musicians to perform more creatively under explicit instructions, an open 
mindset and willingness to take risks is necessary.   
 Perfectionism is another aspect of personality that should be 
considered when eliciting explicit instructions on a creative task. Creative 
improvisation is an extremely challenging goal, and while some musicians 
may thrive when trying to achieve it, others may falter due to their anxiety 
and concern with mistakes that may occur when consciously attempting to be 
more creative. High levels of perfectionism lead to individuals setting high 
standards and goals, but it can also hinder an individual when one is overly 
critical of their own behavior (Flett & Hewitt, 2002; Frost & Marten, 1990). 
Therefore, perfectionism could have a significant relationship with how 
participants respond to explicit instructions to be creative by accounting for 
individuals’ anxiety, self-confidence, and fear of failure (Elliot & Church, 
1997) in achieving a creative goal.    
 
1.6 The Present Study: Overview and Hypotheses 
 This study examines the effect of explicit instructions on the creativity 
of jazz improvisations amongst a sample of jazz pianists. Demographic 
information, personality inventories, mood surveys and several short essay 
questions were administered to explore the cognitive and non-cognitive 
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factors impacting the quality of improvisation under explicit instructions. We 
hypothesize that explicit instructions will increase jazz pianists’ creativity. 
Furthermore, while we expect more experienced improvisers to obtain higher 
performance ratings overall, based on past studies of music improvisation, it 
seems instructions may interfere with expert-level, implicit improvisational 
processes. Therefore, we predict instructions to have differential effects, 
dependent upon expertise. They will assist novice / intermediate musicians 
by redirecting their attention to the creativity of their performance and stifle 
expert-level improvisation by disrupting well-trained, efficient creative 
processes. The personality and mood components of this study are 
exploratory because there was not sufficient background literature to 
formulate detailed hypotheses regarding jazz improvisation and explicit 
instructions.  
  
 
 
 
 
 
 
 
 
The$Effect$of$Explicit$Instructions$on$Creative$Jazz$Improvisation$ 14$
2. Research Methods 
2.1 Participants: Musicians & Judges 
 Participants (N = 23) were jazz pianists, recruited through convenience 
sampling in the Philadelphia region. Participants were sampled from local 
university music programs, seminaries, and professional organizations. All 
pianists had improvised in a live concert setting a minimum of three times 
and had at least 10 years of music training. Musicians received monetary 
compensation for their time.   
 To evaluate the improvisational performances, five jazz experts were 
recruited to serve as judges. These judges were directors/professors at 
university jazz programs or jazz pianists with a minimum of 20 years of 
experience. Judges were also compensated for their time.  
 
2.2 Study Design and Procedures 
 All trials were conducted at the Expressive and Creative Interaction 
Technologies (ExCITe) Center at Drexel University in Philadelphia, PA. This 
study was approved and followed all necessary requirements set forth by the 
Drexel University Institutional Review Board. Experiment sessions were 
approximately 45 minutes. All participants signed consent forms to 
participate in the study and agreed to make their performances available as 
audio examples for future publications.    
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 Upon arriving, musicians were told they were taking part in a “music 
improvisation study” without any mention of creativity. After signing the 
consent forms, the Positive and Negative Affect Schedule (PANAS) (Watson 
et al, 1988) was administered to collect pre-performance mood data. 
Unbeknownst to the musicians, each musician was randomly assigned to an 
experimental group, which determined when explicit creativity instructions 
were introduced during their four takes (A = take 2, B = take 3, C = take 4). 
This multiple baseline design was implemented in order to dismbiguate the 
influence of practice effects on creative performance.  
  All performances took place in a standardized environment, containing 
a 88-key semi-weighted MIDI controller keyboard, sustain pedal, music 
stand, and studio-quality headphones. Apple’s Logic Pro 9 v.9.1.8 (Cupertino, 
CA) music software was used to record improvisations, collect MIDI 
performance data, and provide musicians with a bass and drums audio 
accompaniment to an original 16-bar chord sequence. Accompaniments were 
created through iReal b for Mac OS X v.2.8 (New York, NY), a practice tool 
with a full rhythm section for any properly formatted jazz chart. 
 Musicians warmed-up and adjusted the relative volume of the piano 
and accompaniment during a 2-minute exercise. A jazz chart was then 
provided, representing the musical structure/chord changes of the audio 
stimulus for this study (see Appendix D) one minute prior to performance of 
their first take.  
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 All participants completed four takes (~2 minutes and 4 chord cycles / 
take) and were given standard instructions (S) on their first take: “Improvise 
with the music as you normally would in a jazz improvisation setting.” 
Depending on group assignment, explicit instructions (Exp) were introduced.  
Musicians were given the following verbal directive:  
 “That was great so far. Now, I want you to try to improvise even more 
 creatively than your past performance/s. Creativity should be at the     
          forefront of your mind. Based on your experiences and intuitions as a   
          jazz musician, please try to perform as creatively as possible from this  
         point forward.” 
 
This particular phrasing was important, as we did not want to incinuate that 
participants’ performance on their previous takes weren’t creative, which 
could increase anxiety and lower self-efficacy. Also, jazz experts may have 
varying approaches and criteria for what they deem to be creative. By 
avoiding specific guidelines and strategies, musicians were left to their own 
devices when trying to improvise more creatively.  
 Post-performance, the PANAS, demographic survey, Big Five 
Inventory (Goldberg, 1993), Frost Multidimensional Perfectionism Scale 
(Frost et al., 1990), and essay questions were administered (see Appendix B). 
Upon completion of the experiment, each improvisation was normalized, 
ensuring that the piano and accompaniment had the same sonic properties 
across all subjects and takes.  
 Performances were pseudo-randomized for judging with the constraint 
that the same musician could not be heard consecutively or more than twice 
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within a single judging block. Each judge rated 4 blocks, consisting of 22 
improvisations each (~45 minutes). Using the Consensual Assessment 
Technique (Amabile, 1982), judges rated improvisations for creativity (CR), 
technical proficiency (TP) and aesethetic appeal (AA). Judges were blind to 
the full extent of the research goals, specifically, explicit instructions were 
never mentioned. This decision was made to discourage judges from guessing 
which performances were in the experimental condition. Instead, the study 
was presented as an analysis of jazz improvisation that requires expert 
judges’ evaluations. Similar to participants, judges utilized their jazz 
expertise to determine their own criteria for rating improvisations. (See 
Appendix C for judging instructions). 
 
2.3 Measures & Instruments  
2.3.1 Consensual Assessment Technique (C.A.T.) 
 Expert judge ratings have been used in hundreds of creativity studies. 
The C.A.T. is based on evaluations of actual creative products, is not 
dependent on any particular theory of creativity, and uses the same method 
for assessing creativity as most domains in the real world (Baer, 2010).  The 
C.A.T. has experts in a domain rate creative products relative to one another. 
Judges rated improvisations on a 7-point Likert scale for CR, AA, and TP. 
Assessing musical creativity and improvisation via the C.A.T has precedent 
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with high relibility between judges (Carsten et al., 2012; Beaty et al., 2013; 
Hickey, 2001; Brinkman, 1999).   
   
2.3.2 Positive and Negative Affect Schedule (PANAS)   
 The PANAS is a reliable and precise measure of how a person is feeling 
in the present moment (Watson et al., 1988). It measures both positive (PA) 
and negative (NA) affect. PA includes an individual’s enthusiasm, activeness, 
and alertness, and NA encompasses feelings of distress, anger, contempt, and 
fear. Crawford and Henry (2004) validated the PANAS’ construct validity, 
normality, construct independence, and reliability in a large non-clinical 
sample (N = 1,003).   
  
2.3.3 Big-Five Personality Inventory (B.F.I.) 
 Participants completed the B.F.I, which contains 44 short-phrase items 
that represent the prototypical categories of personality (John, 1989): 
extraversion, agreeableness, conscientiousness, neuroticism, and openness to 
experience (McCrae & Costa, 1987). This personality model has repeatedly 
been used as a scientifically compelling framework to organize the plethora of 
individual differences that characterize human personalities (Goldberg, 
1993). Although there is still some debate over the exact names of the five 
dimensions, the field has approached a near consensus on the general 
taxonomy of personality characteristics (John & Srivastava, 1999), hence the 
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use of the B.F.I. in this study as a global indicator of individual personalities. 
For more information regarding the validation and reliability of the B.F.I. see 
John et al., (1991). 
 
2.3.4 Frost Multidimensional Perfectionism Scale (FMPS) 
 The FMPS is a 35-item questionnaire in which participants provide 
self-report data on a 5-point Likert scale, indicating their degree of 
perfectionism. The scale is highly correlated with other measures of 
perfectionism such as the Burns’ Perfectionism Scale (Burns, 1980) and the 
Self-Evaluative Scale from the IBT (Jones, 1968). There are six distinct 
subscales of the FMPS: concern over mistakes (CM), personal standards (PS), 
parental expectations (PE), parental criticism (PC), doubts about actions (D), 
and organization (O). Since its creation in 1990, the FMPS has been widely 
used in personality and clinical research, but it has been criticized for factor 
instability across samples. Stoeber (1998) proposed extracting fewer 
components (four instead of six) as a solution to this problem, combining 
PE/PS and CM/D. 
 
2.3.5 Musician Demographic Survey & Essay Questions  
 All musicians completed a demographic survey and responded to 
various questions regarding their musical expertise, experiences, and 
influences (see Appendix B). Lastly, essay questions were given to 
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participants to gain further insight into the cognitive strategies employed 
during the task, performers’ implicit definitions of creativity, musical 
features associated with creative improvisation, and self-assessment and 
elaboration of any especially creative/insightful moments during their own 
performances.  
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3. Results 
3.1 Inter-rater Reliability Analysis and Scale-Type Correlations  
 The intraclass correlation coefficient model 2,1 or ICC(2,1) was 
employed to measure inter-rater reliability (Shrout & Fleiss, 1979) for judges’ 
ratings on creativity, technical profieciency, and aesthetic appeal. ICC (2,1) 
requires that each subject is measured by each rater, and raters are 
considered representative of a larger population of similar raters. Reliability 
is calculated from single measurements rather than an average (McGraw & 
Wong, 1996). Values were computed for consistency where systematic 
differences between raters are considered irrelevant. ICC(2,1) and item 
(scale-type) correlations were calculated for all five judges in SPSS v.22.0.0 
(SPSS Inc., Chicago, IL).  
 One judge’s ratings had low correlations (r < .20) with the other four 
judges on all scale-types and reduced overall reliability; therefore, only four 
judges ratings were used in the subsequent analyses. Judges’ reliability were 
calculated for creativity (ICC = .71, N = 4), technical proficiency (ICC = .81, N 
= 4), and aesethetic appeal (ICC = .73, N = 4). Conventionally, an ICC > .75 is 
excellent, .40 -.74 is adequate to good, and  < 0.40 is poor (Fleiss, 1986). Thus, 
all scales had excellent or very good inter-rater reliability.  
 The three scale-types had highly significant positive correlations 
between judges: creativity and aesthetic appeal (r (86) = .84, p  < .01), 
creativity and technical proficiency (r (86) = .89, p  < .01), aesthetic appeal 
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and technical proficiency (r (86) = .87, p  < .01). This may have been due to 
the high variability of expertise within the sample or may indicate judges’ 
had difficulty differentiating these three aspects of the improvisations. Each 
scale can be thought to represent a key component of the overall quality of 
improvisation. This issue will be addressed further in section 4.1.1. 
   
3.2 Demographic and Descriptive Statistics 
 Jazz musicians (N = 23) were 19-34 years of age (M = 24.77, sd = 4.39), 
and participants were predominantly male (2 females). Expertise information 
was collected for years of music training (M = 17.55, sd = 5.25), years of jazz 
training (M = 8.09, sd = 4.43), and number of jazz gigs (M = 125.64, sd = 
129.91). Participants’ number of jazz gigs showed high variability, ranging 
from 3-400; however the number of jazz gigs is a better indicator of 
improvisational expertise, compared to either years of music/jazz training. 
Performing live in a professional setting requires high-levels of 
improvisational skill, and past studies have shown that hours of 
improvisational experiences is predictive of distinct neurological patterns 
beyond years of broad music training or age (Pinho, et al., 2014). 
 Each musician performed four improvisational takes, and an average 
rating of the four judges was calculated for creativity (M = 5.23, sd = 1.56), 
aesthetic appeal (M = 4.50, sd = 1.54), and technical proficiency (M = 4.92, sd 
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= 1.42). The data shows systematic scoring differences between the three 
scale-types with CR having the highest ratings, followed by TP and AA.  
 
3.3 Method of Analysis  
3.3.1 Multilevel Regresssion (MLR) 
 Multilevel regression (MLR) analyses were performed to test the 
impact of instructions, scale-type, expertise, and personality on 
improvisational ratings using the ‘lme4’ package (Bates et al., 2010) for 
generalized linear mixed models in R-Studio: Integrated development 
environment for R v.0.98.953 (Boston, MA). MLR simultaneously assesses 
group and individual-level patterns within a single analysis, taking into 
consideration fixed and random effects. The fixed effects are the independent 
variables or factors (i.e. instructions, expertise, scale-type) of interest. 
Random effects account for the fact that individuals are randomly sampled 
from a population to which one will generalize and capture random 
variability within a sample. The mathematical assumptions when calculating 
random effects are that they come from a normal distribution with a mean of 
0. Random effects can alter the fixed effect estimates and excluding them can 
increase type I error (Mirman, 2014).  Subjects’ random variability with 
regard to instructions, scale-type and take (1-4) were included for all model 
comparisons.  
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3.3.2 Model Comparisons 
 MLR model comparisons were conducted to find the parameters that 
best predicted the improvisation ratings. Model comparisons use the log-
likelihood (LL) and Chi-squared Goodness of Fit Test to evaluate whether 
adding or removing a new parameter significantly improves the model 
(Mirman, 2014). For all model comparisons, the random effects structures 
were identical, following the general principle of keeping the random effects 
structure maximal (Barr et al., 2013), including as much of the data as 
possible. (See Appendix E for source code of model comparisons and 
subsequent analyses). 
 Table 1 displays the results of the model comparisons. Scale-Type (CR, 
TP, AA) was the initial fixed effect entered into the model. Because the 
descriptive data revealed clear differences in ratings between scales, this was 
the base model. Within the data, we determine independent variables and 
covariates improve model fit above and beyond the scale-type of the rating. 
Take (χ2(3) = 0.78, p = 0.85) and Instructions (χ2(1) = 0.07, p = .80) failed to 
improve model fit as independent fixed effects; however, the Scale-Type x 
Instructions interaction term significantly improved the model (χ2(2) = 24.96, 
p < .001).  
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Table 1 
       Chi-square Difference Tests for Jazz Improvisation Model Comparisons 
 
 
 
Model Parameters 
 
Log- 
Likelihood 
Chi-
Squared 
(χ2) 
 
Degrees of 
Freedom (df) 
 
P-Value 
Scale -225.62 NA    NA NA 
Scale + Take -225.23 .78 3 0.85 
Scale + Instr. -225.59 0.07 1 0.80 
Scale x Instr. 
-213.11 24.96 2 
     
<.001*** 
Scale x Instr. + Expertise 
-198.93 28.36 1 
     
<.001*** 
Scale x Instr. + Expertise x Instr. -195.30 7.25 1   .007** 
Scale x Instr. x Expertise -195.30 4.00 4 0.41 
Scale x Instr. + Expertise x Instr. + 
CM 
-188.03 14.53 1     <.001*** 
Table 1. Notes: Significance codes: * p < .05, ** p < .01, *** p< .001. Scale has no p-value 
because it is the base model. All models included a random effects structure of (Scale + 
Instructions + Take|Subject). Here, there are 2 significant interactions: Scale x Instructions 
(Instr.) and Expertise x Instructions. Model fit also improves by adding Expertise and 
Concern over Mistakes (CM) as independent fixed effects/  
 
  
 The impact of improvisational expertise (number of jazz gigs) was 
added to the model next. The natural logarithmic transformation was applied 
to the number of jazz gigs, since linear regression assumes that variables 
should be approximately linear and normally distributed; however, 
experience is not a strictly linear variable. The power law of practice 
stipulates that skill increases rapidly at first, but later, minor improvements 
take relatively more effort and time. Empirical evidence shows that 
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improvement with practice is linear in a log-log space (Newell & Rosenbloom, 
1981). For example, a musician’s second performance gives them twice as 
much experience over the first, but the 302nd performance is only a tiny 
increase over the 301st. A secondary motivation for using the natural 
logarithmic transformation is because modeling techniques have difficulty 
with wide ranges of data over several orders of magnitude. The log transform 
is appropriate (Zumel & Mount, 2013) to account for the high variance in the 
data and approach a more normal distribution. Expertise as an independent 
fixed effect parameter significantly improved model fit (χ2(1) = 28.36, p < 
.001); however, the Expertise x Instructions interaction term significantly 
increased the model’s predictive ability (χ2(1) = 7.25, p = .007).  
 Thus, two interaction terms (Scale-Type x Instructions and Expertise x 
Instructions) optimized the model fit for the ratings of jazz improvisation. A 
3-way interaction of Scale-Type x Expertise x Instructions failed to improve 
model fit (χ2(4) = 4.00, p = .41), eliminating the possibility of a 3-way 
interaction. After exploring personality traits, only the subscale ‘Concern over 
Mistakes’ (CM) from the FMPS significantly improved the model (χ2(1) = 
14.53, p < .001). The model below displays the parameters with the best 
model fit after all comparisons (terms in parentheses are random effects): 
 
Rating = Instr. + Scale + Instr. * Scale + Expertise +  
Instr. x Expertise + CM + (Scale + Take + Instr. | Subject) 
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3.4 Analysis of Fixed Effect Parameters 
3.4.1 Instructions x Scale-Type 
 To examine the contribution of each significant parameter, a Chi-
squared Goodness of Fit Test was used to compare the full model to the 
partial model (removing the term of interest). The Scale-Type x Instructions 
interaction was significant (χ2(4) = 50.32, p < .001). The ‘effects’ package in R 
(Fox, 2003) was used to generate and display the model’s parameter 
estimates, standard errors and 95% confidence intervals. This allows one to 
analyze single parameters within a complex model structure. Yet due to the 
complexity of the model, tests for statistically significant differences within 
each scale requires a partial model. These analyses and results are presented 
in Appendix A.  
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Figure 1
$
Figure 1.  Scale-Type x Instructions on Improvisation Ratings. Explicit instructions (red) had 
a differential effect on improvisational ratings (y-axis) by scale, increasing creativity (CR), 
decreasing aesthetic appeal (AA), and minimally impacting technical proficiency (TP) 
compared to performances with standard instructions (blue). The error bars are 95% 
confidence intervals. 
  
 
 Jazz musicians’ creativity increased (fit = 5.21 ± .11) with explicit 
instructions compared to standard instructions (fit = 4.88 ± .07). Aesthetic 
appeal decreased (fit = 4.27 ± .09) with explicit instructions compared to 
standard instructions (fit = 4.51 ± .12), and technical proficiency remained 
fairly constant regardless of explicit (fit = 4.90 ± .11) or standard (fit = 4.80 ± 
.07) instructions.  Figure 1 displays the differential effect of instructions on 
each scale-type.  
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3.4.2 Expertise x Instructions 
 The Expertise x Instructions interaction term was significant (χ2(2) = 
50.11, p < .001). Under standard instructions, an order of magnitude increase 
in jazz gigs significantly increased improvisation ratings across all scale-
types (estimate = 0.64 ± .04); however, explicit creativity instructions reduced 
the positive relationship between experience and ratings (estimate = -.29 ± 
.05). Although expertise is highly predictive of improvisational ratings with 
standard instructions, explicit instructions appear to benefit less experienced 
jazz musicians but do not impact (or even hinder) musicians with more 
improvisational experience. Figure 2 displays the crossover effect of Expertise 
x Instructions across all rating scales. Differences between scales were not 
analyzed here because the 3-way interaction (Expertise x Instructions x 
Scale-Type) did not significantly improve model fit; therefore, the instructions 
and expertise interaction is independent of scale. Further results for each 
scale-type (CR, AA, TP) are explored in Appendix A using a partial model. 
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Figure 2
$
Figure 2. Expertise x Instructions on Improvisation Ratings (all scale-types). Musicians with 
less performance experience (left side of the x-axis) received higher ratings with explicit 
instructions (red), but instructions did not significantly impact the ratings of the most 
experienced musicians. This effect is independent of scale-type. The gray ribbon around the 
regression line is the 95% confidence interval. 
 
3.4.3 Personality & Perfectionism 
 The personality trait ‘Concern over Mistakes’ (CM), a subscale of the 
FMPS, was the only significant predictor of improvisational performance and 
improved model fit (χ2(1) = 14.53, p < .001). No other personality factors from 
the BFI or FMPS were significant. Participants ranged from 9 to 38 on the 
CM scale (M = 20.14, sd = 8.10). CM had no significant interactions with 
scale-type, instructions, or expertise. After analyzing the contributions of CM 
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on jazz improvisation ratings, increased concern over mistakes is associated 
with higher jazz improvisation ratings (estimate = .04 ± .01). Therefore, with 
an increase of 1-point on CM, one would expect an increase of .04 in 
improvisational rating on a 7-point scale.  
 
Figure 3 
$
Figure 3. Concern over Mistakes on Improvisation Ratings. Scores on the personality trait 
‘concern over mistakes’ (x-axis) from the FMPS had a significant positive relationship with 
improvisation ratings independent of scale, experience, or instructions.   
 
3.4.4 Post-Hoc Analysis: Positive and Negative Affect 
 The raw PA and NA scores (pre and post-performance) and the PA/NA 
difference scores (post - pre) were tested through the model comparison 
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procedures described earlier to determine the relationship between mood and 
jazz improvisation. The only significant improvement to model fit resulted 
from a highly significant interaction between NA-post x Expertise (χ2(2) = 
13.98, p < .001).  
 
Figure 4 
$
Figure 4. The Relationship between Expertise, Negative Affect (post), and Ratings. A 
significant interaction was found between negative affect post performance (x-axis), ratings 
(y-axis), and experience (dark blue = least experienced, light blue = most experienced). Less 
experienced jazz pianists report greater negative affect when they receive lower ratings; 
however, expert pianists achieved high ratings regardless of mood. Error bars represent 95% 
confidence intervals.  
  
 Since NA-post scores were collected after all improvisations, the 
direction of causality is the reverse of previous analyses. Therefore, NA-post 
cannot be considered a predictive term in the model, and this is why it was 
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not previously included as part of the full model. NA-post represents the 
degree of negative affect a musician reported after performing jazz 
improvisation under standard and explicit creativity instructions. Expert 
musicians’ consistently received high ratings; therefore, expert musicians’ 
mood changes aren’t associated with their level of performance on the 
improvisation task. For novice musicians, there appear to be a strong 
relationship between negative mood and ratings, indicating that less 
experienced musicians experience more negative emotions when they perform 
poorly. Because all final takes were performed with explicit instructions, 
negative affect may be linked to the degree musicians believed they 
succeeded in improvising more creatively. 
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4. Discussion & Conclusion 
4.1 Discussion 
4.1.1 Main Effects of Explicit Instructions on Jazz Improvisation 
 A variety of creativity assessments and tasks across domains have 
been used to test the effects of explicit creativity instructions on creative 
ideation and production. This is the first time jazz improvisation has been the 
domain of interest for an explicit instructions task. In this study, there was a 
significant interaction between explicit instructions and scale-type. For jazz 
pianists, explicit instructions facilitated CR, decreased AA, and had little to 
no effect on TP; however, these findings are highly dependent on one’s level of 
improvisational expertise.  
 Expertise significantly predicted the ratings of improvisation, across 
scale-types and independent of instructions. Jazz musicians with the most 
experience improvising in live, professional situations received the highest 
ratings, replicating the findings of past jazz improvisation studies (Pinho et 
al., 2014; Beaty et al., 2013). Yet, the significant interaction between 
instructions and expertise reveals that less experienced jazz improvisers 
benefited from explicit creativity instructions, but instructions did not affect, 
or even stifled, the performance for jazz musicians with high levels of 
expertise. The effect of expertise was independent of scale-type, suggesting 
that the benefits from explicit creativity instructions for less experienced jazz 
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musicians can enhance other aspects of their performance, such as aesthetic 
appeal and/or technical proficiency, in addition to creativity.  
 It is interesting that even though the three rating scales were highly- 
correlated there were differential effects of instructions on creativity and 
aesthetic appeal, indicating that judges were able to distinguish between the 
two, especially during performances under explicit instructions. This has 
practical importance for jazz improvisation performance. When playing in 
front of an audience, attempting to be creative via novel processes and 
strategies does not guarantee increased appeal of a given performance. Since 
jazz musicians desire to be creative while improvising, they constantly try 
new ideas and approaches, broadening their musical repertoire and skill 
through focused practice regimens. Normally, techniques and strategies are 
automatized over time, widening the range of performance possibilities and 
making various approaches and musical choices more implicit in nature 
(Johnson-Laird, 2002). Musicians can consciously adapt to creative 
instructions and spontaneously deviate from their habitual processes, but the 
resulting product may be a type of creativity that is less aesthetically 
appealing than their years of training and expertise would normally afford.   
 This begs the questions: what does improvising creatively mean within 
the context of jazz improvisation? When explicitly asking musicians to try to 
perform creatively, what changes occur to their approach, technique, playing 
style, and mind-set? As musicians consciously try to produce more creative 
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improvisations, they must inhibit and abandon certain aspects of their 
normal improvisation process and actively seek new strategies through 
experimentation and risk-taking. While novel approaches and strategies 
represent a more creative process for the individual, the impact on the 
product will vary based on one’s level of improvisational expertise. The 
distinction between creative processes and products is often overlooked, but it 
is necessary to address in cognitive research of creativity (Simonton, 2003). 
 It is important to discuss two distinct types of creative improvisation 
strategies. First, consider that music features can be altered and focused 
upon to make an improvisational performance more creative. We refer to 
focused-attention and altering music features as explicit strategies because 
they require pianists to consciously manipulate concrete musical aspects of 
their performances. More than half of the jazz musicians in this study 
reported trying to play “more dissonantly”, “weird” or “out” as it is commonly 
referred to in jazz, trying to focus less on the given chord changes for periods 
of time. Musicians attempted varying rhythms, chord voicings, phrasing, and 
melodies. Others reported changing the interaction of their left and right 
hand, adding more flourishes, and using the full note range of the keyboard. 
Attending to a specific aspect of one’s performance requires controlled, 
focused attention.  
 While various music features were altered under explicit instructions, 
a majority of the musicians in this study reported playing “out”, a technique 
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that requires one to break the traditional rules of music theory harmony to 
achieve an unexpected, potentially jarring, dissonant sound. In order to 
consciously break the rules of music harmony appropriately within the 
context of jazz improvisation requires mastery, a level of mastery that not all 
participants in this study had. A high level of technical, experiential, and 
theoretical domain mastery is necessary in order to make deliberate creative 
decisions that diverge from what is expected in an appropriate way.  
 Since expertise amongst the sample of jazz pianists had high 
variability, only some of the participants had the necessary technical skill to 
execute these explicit strategies effectively. Some musicians in this study 
even admitted that implementing new strategies with explicit instructions 
“hindered their musicality” and caused them to play more “sloppy”. There is a 
fine line between conscious, artistic choices and playing ‘bad’ notes or getting 
lost in the chord sequence. Additionally, trying to alter specific aspects of 
one’s music performance, haphazardly, may cause sections of an 
improvisation to be creative, but the overall performance can feel disjointed 
and random. Judges in this study recognized creative excerpts and attempts 
for less experienced musicians, but they were still not rated as highly as the 
expert players. The judges in this study identified some core characteristics of 
creative jazz improvisation: a feeling of “spontaneous composition”, 
“development of themes and motifs”, “continuity between sections”, and 
“displaying knowledge of jazz’s historical vocabulary”. Thus, expert musicians 
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receive the highest ratings because they are able to proficiently and 
consistently meet these criterion.   
 Consciously deviating from one’s creative process via explicit strategies 
is one way musicians attempt to maximize creativity. Doing so requires 
focused attention to the details and minutiae of each choice, relying more on 
executive functions and cognitive control. Another type of strategy for 
altering performance involves implicit strategies, adjusting one’s overall 
mind-set, defocusing attention, and utilizing unconscious, bottom-up systems 
to a greater degree. In this study, it is unclear whether musicians are 
focusing on specific music features (explicit) or altering their mental-state 
(implicit) during any given improvisation; however, the cognitive processes 
and mechanisms underlying these approaches are quite different. Depending 
on the individual and degree of expertise, one approach may work better than 
the other to facilitate creativity.  
 Literature on the neurocognitive underpinnings of expert-level jazz 
improvisation opposes the controlled-attention theories of creativity, which 
favor increased levels of cognitive control and use of explicit systems. Instead, 
reports from neuroscience, creativity research, and eminent musicians 
converge, stating that the highest levels of improvisation involve a deviation 
from normal consciousness, entering an altered mind-state, that some would 
describe as an autotelic or flow state (Limb & Braun, 2008, Dietrich, 2004). 
Furthermore, Dietrich and Stoll (2010) theorize that inhibition of the explicit 
The$Effect$of$Explicit$Instructions$on$Creative$Jazz$Improvisation$ 39$
system (i.e. thinking about music features, notes, hand movement, etc.) is a 
prerequisite for one to perform at their maximum capacity. These theories 
only apply to learned tasks because one must acquire skill, explicit 
knowledge, and automization of the action sequence in order to act implicitly 
and optimally in a given domain.  
 Musicians in this study were asked if their mind-set or focus changed 
when asked to improvise more creatively. Some ideas were reiterated several 
times: willing to take more risks, relying on intuition instead of “jazz ideas”, 
focusing less on musical details, “letting loose”, decreasing self-
monitoring/judgment, thinking more about expressivity than correctness, and 
entering a “creative zen mind-set”. Participant responses exemplify cognitive 
theories of jazz improvisation, whereby normal states of self-monitoring and 
attention are suspended (Ashby et al., 1999), allowing individuals to enter a 
flow state and perform at their most efficient level, using implicit, bottom-up 
systems while inhibiting explicit systems and thought (Dietrich, 2004). While 
this altered, creative mind-state can have beneficial effects, the ability to 
automatize behaviors and inhibit explicit systems while improvising jazz 
music relies on training and expertise.  
 
4.1.2 Expertise, Instructions, and Jazz Improvisation   
    While the positive effect of instructions on creativity across the entire 
sample of jazz pianists is significant, it would be misleading to report these 
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findings without discussing the significant interaction between expertise and 
instructions. The effect of instructions was highly dependent on musicians’ 
degree of live improvising experience. The results indicate that only novice / 
intermediate jazz musicians (less than 100 live gigs) benefit from explicit 
instructions, but explicit instructions may hinder the improvisational 
performance of expert jazz pianists’ (200+ live gigs).   
 The direction of the interaction between expertise and instructions is 
opposite that which has been reported in past explicit instructions research. 
Expertise and familiarity in a domain are cited as mitigating factors 
underlying the positive impact of explicit instructions. Individuals with more 
experience and familiarity in a domain show higher levels of creativity with 
explicit instructions, but individuals without the same level of experience fail 
to do so (Chua & Iyengar, 2008; Datta, 1963; Hyman, 1960).  
 The relationship between expertise and explicit instructions likely 
diverges from past studies because jazz improvisation is a musical task that 
stresses the importance of creativity, recruiting unique, task-specific, 
cognitive mechanisms compared to other domains of creative assessment. 
When improvising under standard instructions, expert jazz musicians employ 
learned implicit systems that can maximize processing efficiency and 
“reflexive flexibility” (Dietrich 2004). Thus, experts have greater levels of 
automaticity when improvising, allowing them to reduce the recruitment of 
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explicit systems which interfere with entering a flow state and performing 
optimally.  
 Although experts have access to more highly trained implicit systems, 
this doesn’t preclude explicit systems from having a critical role in creative 
improvisation. In fact, the dual process model of creativity posits that both 
systems are critical to creative production (DeDreu et al., 2008). Thus, there 
are two important cognitive distinctions between novice and expert jazz 
musicians: the degree to which they can improvise implicitly and to what 
aspects of their improvisation they direct their focused attention and explicit 
systems. Norgaard (2011) collected interviews of “artist-level” jazz musicians, 
having them describe their improvisational thinking. Memory recall, a 
harmonic hierarchy, melody, and thematic development emerged as common 
strategies. Therefore, expert musicians devote their explicit resources to 
these high-level aspects of their performance, improvising at their optimal 
level. For less experienced musicians, their lack of training causes their 
performance to be less implicit and explicit systems must attend to lower-
level features more closely (i.e. following the chords, left-and-right hand 
integration, note choice, etc.).   
 When asked to improvise more creatively, the experts fail to improve 
because they were already performing at their optimal level. The instructions 
can disrupt their creative processes / flow and force explicit systems to focus 
on the creative goal. This interferes with experts’ processes that allow them 
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to achieve maximum improvisational creativity, decreasing cognitive 
efficiency. While some experts in our sample lamented, “I play how I play. 
Creativity is a given,” indicating a lack of instructional impact and cognitive 
shifting, others reported taking more risks and altering aspects of their 
performance and mental focus. While some of the most experienced 
musicians consciously resisted altering their performance, most of the jazz 
players did attempt to adapt their cognitive strategies. 
 For less experienced musicians, explicit instructions enhanced their 
ratings, across scale-types, suggesting that creativity, technical proficiency, 
and aesthetic appeal were positively affected by instructions. Jazz musicians 
with less training are faced with a challenging task, improvising over a novel 
series of chord changes at a pre-determined tempo. Normally, jazz players 
have the opportunity to become familiar with a song / chord-sequence before 
attempting to improvise. While expert musicians can quickly adapt to a novel 
stimulus, novice musicians require more time and/or knowledge to 
understand the harmonic structure and music theory of a piece. Therefore, 
when improvising to a novel stimulus under standard instructions, less 
experienced musicians’ instinct is to dedicate their explicit systems to low-
level features of music performance, rather than more global aspects of their 
overall improvisation because they need to carefully focus on the chord-
sequence as it rapidly unfolds. This is necessary to avoid getting lost in the 
chords and making inappropriate or ‘wrong’ choices.  
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 Explicit instructions assist less-experienced jazz musicians because 
adjusting their attention away from individual musical choices and 
redirecting it towards the creativity of their performance affords them the 
opportunity to perform in a more implicit, bottom-up fashion. Doing so could 
lead to more mistakes, but the data reveals judges favor the improvisations of 
less experienced musicians when they consciously alter their performance to 
be creative. To reach a ‘creative goal’, less experienced musicians understand 
that they can’t rely on their normal processes and strategies. Novice 
musicians’ reported that they felt “free”, decreased self-monitoring/judgment, 
and avoided certain habitual actions under explicit instructions, indicating 
that instructions did in fact alter their approach and mind-set while 
improvising. Rather than being limited by their theoretical knowledge, 
experience, and need to be technically correct, novice jazz musicians can 
benefit from explicit instructions, performing more instinctually and 
experimentally. This may afford novice musicians the opportunity to access 
improvisational responses and ideas that would otherwise never have been 
realized.    
 
4.1.3 Personality, Explicit Instructions, & Jazz Improvisation 
 Past research indicates that individual differences, such as 
personality, are important covariates influencing the effect of explicit 
instructions on creativity (Prabhakaran et al., 2013; Harrington, 1975); 
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however, in this study, openness to new experiences, the personality trait 
most closely associated with creativity, did not impact improvisational 
creativity or interact with creativity instructions. This could be due to the 
fact that individuals who pursue jazz tend to be more open to begin with 
because engaging in music improvisation requires such. Our sample of jazz 
pianists had extremely high scores, with very low variability on the ‘openness 
to new experiences’ scale of the BFI, replicating the results that jazz 
musicians have high levels of openness even when being compared to 
musicians of other genres (Benedek et al., 2014). Perhaps the homogeneity of 
the scores made any effects of openness indecipherable, or jazz musicians, as 
a group, have high levels of openness. While this may contribute to their 
decision to become a jazz musician, beyond that, it doesn’t affect their 
creative improvisation abilities.   
 Perfectionism can have positive (Frost et al., 1993) and negative 
(Stoeber & Otto, 2006) effects on performance. Surprisingly, there was a 
positive relationship between the ‘concern over mistakes’ scale of the FMPS 
and improvisational ratings. Jazz musicians that are more worried about 
making errors appear to receive higher ratings for their improvisational 
performances. CM is an aspect of self-critical, negative perfectionism that is 
associated with fear of failure and competitive performance anxiety (Dietrich 
& Stoll, 2010), suggesting higher CM scores should have a deleterious effect 
on performance.  
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 Jazz improvisation is quite different from the domains where these 
conclusions were drawn, competitive sports (Flett & Hewitt, 2005). 
Improvising jazz is an artistic, musical task, not a competitive one. Jazz 
musicians that display high levels of CM may have anxiety in certain 
situations such as an important performance, but this task was very low 
pressure, so their anxiety did not interfere with their performance. Still, this 
doesn’t explain the positive effects of CM.  
 It is possible that if one is aware they are overly concerned with 
making mistakes that they will strive to practice more to avoid them. In 
order to feel as comfortable as possible, jazz musicians practice improvising 
over a piece, automatizing certain behaviors to ensure they can comfortably 
improvise in a live situation. It must be noted that this is the only personality 
trait that improved model fit after testing each scale of the BFI and FMPS (9 
variables total). Therefore, we may have an issue with multiple comparisons, 
increasing type I error. This preliminary finding is a promising starting point 
for future music performance/improvisation, creativity, and personality 
research.  
 
4.1.4 Negative Affect, Expertise, and Jazz Improvisation 
 After testing several dimensions of the PANAS, the only significant 
finding was the interaction between negative mood post-performance and 
expertise. As improvisation ratings fluctuate, there is a clear difference for 
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how experts and novices respond in terms of negative emotions. The most 
experienced musicians always performed at a high level; therefore, their NA-
post scores cannot be attributed to how well they performed. Expert 
musicians’ mood changes could be attributed to a variety of causes. One such 
cause could be the instructions, as musicians reported feeling “sour” when 
asked to improvise creatively because they felt that they always try to be 
creative.  
 For less experienced players’, ratings had increased levels of variability 
which have a significant relationship with the amount of post-performance 
negative affect. Musicians with less improvisational expertise have higher 
levels of negative affect when they receive low ratings and significantly less 
negative affect when receiving higher ratings. Thus, novice musicians’ can 
have increased negative feelings if they are trying to be creative and feel they 
have failed; however, it is uncertain whether musicians’ intuitions about the 
quality of their own improvisations match expert judge ratings.  
 These findings have potential implications within the context of 
music/jazz education and improvisation training. In this study, explicit 
instructions facilitate creativity and, potentially, technical proficiency (see 
Appendix A) for less experienced players, but when novice jazz improvisers 
explore beyond their comfort zone and perform worse, this can have a 
damaging effect on mood. Music education programs have shifted in recent 
years, making sure to address musical creativity in their curriculums 
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through music technology and other methodologies (Rosen et al., 2013). 
Creativity is considered the pinnacle of humans’ cognitive processes; 
however, individuals may thrive or struggle as they attempt creative tasks or 
venture beyond their skill level. It is necessary to be attuned to student needs 
and emotions but still provide challenging and fun opportunities for novice 
musicians to have immersive flow experiences (Custodero, 2002).   
 Although creativity is a necessary component of music training, it is 
important to consider that students may falter when asked to be creative, 
especially when their technical skills are limited. This can have damaging 
effects to self-esteem and self-confidence, related to music, personal 
creativity, and beyond. When trying to develop improvisational creativity, 
simply asking students to be creative can assist individuals generate new 
techniques, approaches, and strategies; however, students must be made 
aware that mistakes and failures will occur. Teaching students about the 
creative process and the importance of learning from their mistakes can help 
alleviate negative emotions associated with poor performance.  
 
4.2 Limitations 
 In this study, there are several limitations that should be addressed.  
First, the sample of jazz pianists were between the ages of 19-34. Although 
the musicians in our sample with the highest levels of expertise had over 15 
years of jazz training and 400+ live performances, older jazz musicians who 
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have been listening, studying, and performing jazz professionally for decades 
were unable to be recruited. Therefore, these results may not generalize to 
the highest levels of jazz improvisation expertise. Additionally, this study 
only examined jazz pianists. Future work should attempt to recruit jazz 
musicians who play various instruments with a wide-array of expertise, 
including the most skilled jazz improvisers. 
 The improvisational stimulus and accompaniment are potential 
threats to the ecological validity of the jazz improvisation task. The chord 
sequence was novel to performers and did not include a written melody (or 
“head”). Before improvising with a piece, musicians familiarize themselves 
with a series of chord changes and often use the melody of a piece as a 
foundation from which to improvise. A novel chord sequence and lack of 
melody was decided upon to eliminate the possibility of introducing 
confounding factors: sight reading ability, time spent memorizing the melody, 
and practicing improvising over the piece before the study. Forcing jazz 
musicians to improvise to a novel piece diverges from their normal process, 
though well-trained musicians should be able to quickly adapt.  
 Jazz pianists performed to a programmed, bass and drums 
accompaniment. While sounding realistic, critical components of creative jazz 
improvisation are the spontaneous interactions, familiarity, and cohesion 
between musicians.  The static accompaniment tracks, sounded acoustically 
similar to a live band, but do not offer musical flexibility or reactions to the 
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improviser/soloist. Experimental sessions were conducted over the course of 
several months; therefore, having a live band available to accompany 
musicians was not possible. It is unknown how playing with a programmed 
accompaniment affects the creativity of the improvisation and can be 
explored in future work.  
 In post-performance essays, musicians reported conscious strategy 
implementation and changes in focus and mind-set when asked to be 
creative. Because interviews were conducted after all four takes and not after 
each take, it is uncertain which strategies and cognitive processes were being 
utilized for any given improvisational performance. Therefore, I cannot 
quantitatively assess the effectiveness of a given strategy and its relationship 
to creativity. Past work has examined jazz improvisers’ mind-set and 
cognition, qualitatively (Norgaard, 2011), but future work should use mixed 
methods to determine the merit of various startegies and adapatations when 
consciously attempting to maximize creativity when improvising. 
    
4.3 Future Research    
 Neuroimaging studies of jazz improvisation have revealed important 
functional differences associated with expertise (Pinho et al., 2014) and when 
compared to performing a memorized melody (Limb & Braun, 2008); 
however, the creative processes engaged under explicit instructions has not 
been explored. Next steps for this research should include a neuroimaging 
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component to see how brain systems modulate to instructions (a ‘be creative’ 
goal) and adopting new cognitive stategies creative performance. The findings 
in this study indicate perceptible behavioral differences for jazz musicians’ 
improvisations under explicit instructions; therefore, this behavioral study 
can serve as a basis to further explore the neural correlates of creativity and 
flow during jazz improvisation.  
 An intriguing potential for this work is to assess, quantitatively, which 
music features are the most salient when determining creative jazz 
improvisation. MIDI data and audio of each piano performance were 
collected. Relevant music features can be identified and analyzed based on 
judges’ essay responses, indicating discrete aspects of improvisational 
performances which they considered when rating the creativity of an 
improvisation. These features can be tested and then used in a supervised 
machine learning paradigm, modeling creative improvisation using discrete 
music features. This work could lead to the creation of a system or ‘artificial 
judge’ that can rate the creativity of a given jazz improvisation performance, 
providing musicians feedback on various aspects of their performance. This 
type of system could be useful since video games, software, and online 
tutorials are becoming more common for music training. Integrating this type 
of system into music training software will allow musicians to develop their 
creativity, as well as their technical skills and theoretical knowledge. This 
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work is currently underway in collaboration with electrical and computer 
engineers at Drexel University. 
 Posture, facial expressions and body movement are other variables 
that could contribute to musical creativitiy.  This theory stems from the 
embodied cognition literature, which holds that the nature of the human 
mind is largely determined by the form of the human body. Embodied 
cognition claims that the motor system influences our cognition, just as the 
mind influences bodily actions (Glenberg et al, 2010). Most people, at one 
time or another, have witnessed a musician bobbing their head, tapping their 
foot, or even making dramatic gestures during a performance.  How might 
these movements affect creative performance?  What may account for 
differences between musicians? 
 Another direction to explore is the length of time the effects of explicit 
instructions last. The longitundinal effects of explicit instructions can be 
evaluated by having participants return after several months to perform a 
similar experimental task. Also, the carry-over effects of instructions to other 
creative and non-creative tasks should be explored. Can instructions to be 
creative on a musical improvisation task impact other DTT, insight problems, 
or non-creative cognitive tasks? Further research needs to be conducted to 
test these questions.  Future research could also compare the impact of 
explicit creativity instructions compared to other methods/techniques used to 
enhance creativity, such as inspiration from a creative stimulus (e.g. in 
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music, listening to an eminent artist), modulating mind-wandering, and 
altering mood. Additionally, other domains in music, such as composition, 
and improvisation in other genres could be explored under explicit creativity 
instructions.  
   
4.4 Conclusions       
 Although explicit instructions research has examined a wide array of 
domains, art and music are unexplored fields of study. This study of jazz 
improvisation found that explicit instructions enhanced creativity for jazz 
pianists and decreased aesthetic appeal, but this effect was highly dependent 
on one’s level of expertise. Explicit instructions appear to either not affect or 
even disrupt the cognitive processes of expert jazz musicians. Expert 
musicians develop their improvisational abilities through training and 
experience, allowing them to optimally improvise via efficient, unconscious, 
implicit mechanisms. It is possible that explicit instructions interrupt these 
processes.  
 For less experienced musicians, instructions have a beneficial effect, 
allowing musicians to experiment and redirect their attention to the 
creativity of their performance instead of other music features. Whether the 
creativity gains under instructions are due to the increased use of implicit, 
bottom-up systems or the explicit systems’ focus on creativity is unclear and 
should be examined in future work. Yet, the results show that explicit 
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instructions are an effective technique to facilitate creativity for novice 
improvisers.  
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APPENDIX A: Partial Model Analyses 
 
Scale-Type x Instructions (within scale-type)  
 In MLR, complex predictive models with multiple interactions make it 
difficult to run significance tests and further analyses for varying levels of a 
given factor. To further explore the data, we simplify the model to contain 
only a single interaction, as well as the other significant mixed effects 
(independent of other interactions). For example, to test for significant 
differences between explicit and standard instructions for CR, TP, and AA 
(Scale-Type x Instructions), we take the full model and remove the Expertise 
x Instructions term, keeping the random effects structure maximal: 
 
Full Model:  
Rating = Instr. + Scale + Instr. * Scale + Expertise +  
Instr. x Expertise + CM + (Scale + Take + Instr. | Subject) 
 
Partial Model:  
Rating = Instr. + Scale + Instr. * Scale + Expertise + CM +  
(Scale + Take + Instr. | Subject) 
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Table A.1 
MLR Estimates for the Impact of Explicit Instructions on Scale (CR, TP, AA)   
 
 
 
Scale x Instructions 
 
Estimate Std. Error 
 
t-value 
 
Pr(>|z|) 
CR (Explicit) vs. CR (Standard) 0.33 0.16    2.15 0.03* 
TP (Explicit) vs. TP (Standard) 0.10 0.17 0.62 0.54 
AA (Explicit) vs. AA (Standard) -0.24 0.16 -1.48 0.14 
Table A.1. Notes: Significance codes: * p < .05, ** p < .01, *** p< .001. All values were   
obtained from the partial model shown above. Only creativity (CR) scores significantly  
increased with explicit instructions. 
  
 The initial significant interaction between Scale-Type and Instructions 
indicated that instructions had a differential effect on scale-type, enhancing 
creativity and reducing aesthetic appeal. Table 2 displays the contrasts 
within each scale and reveals that only creativity ratings were significantly 
impacted by explicit instructions, increasing creativity. One would expect a 
0.33 increase in creativity score on a 7-point Likert scale when a musician is 
given explicit instructions.     
 
Expertise x Instructions (CR, TP, AA) 
 Next, we used a similar model reduction method to examine the 
interaction of expertise and instructions for each scale-type. We subset the 
data by scale-type and simplify the model accordingly. Notice, here that scale 
is completely removed from the model since we will subset the data to CR, 
TP, and AA, respectively:  
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Full Model:  
Rating = Instr. + Scale + Instr. * Scale + Expertise +  
Instr. x Expertise + CM + (Scale + Take + Instr. | Subject) 
 
Partial Model:  
Rating = Instr.+ Expertise * Instr. + Expertise + CM +  
(Take + Instr. | Subject) 
 
The previous results combined all improvisation ratings, regardless of scale-
type, revealing that experts and novices respond differently to explicit 
instructions. The 3-way interaction between scale-type, expertise, and 
instructions was not significant, indicating that the pattern of the interaction 
effect was similar across scales. We present three figures below, displaying 
the impact of Expertise x Instructions on the ratings of each scale-type. Upon 
visual inspection, the bottom half of our sample, in terms of experience, 
received higher scores for creativity. There also appears to be a trend for the 
least experienced players to show gains in technical proficiency with explicit 
instructions.  
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Figure A-1
$
Figure A-1. Expertise x Instructions on Creativity Ratings. When examining creativity only, 
we see a consistent pattern for explicit instructions (red) facilitating creativity for less 
experienced jazz pianists. For experts (right side of the x-axis), instructions appear to have 
no effect on their creativity scores.  
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Figure A-2
$
Figure A-2. Expertise x Instructions on Aesthetic Appeal Ratings. When examining aesthetic 
appeal ratings, there are not significant differences between levels of expertise and explicit 
instructions. Thus, explicit creativity instructions didn’t alter the aesthetic appeal ratings of 
improvisation. We can clearly see this by the large overlap of the 95% confidence intervals 
(gray ribbon) across all levels of expertise for standard (blue) and explicit (red) instructions.  
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Figure A-3
$
Figure A-3. Expertise x Instructions on Technical Proficiency Ratings. After sub-setting the 
data to only technical proficiency scores, there appears to be a trend for less experienced 
improvisers (left side of x-axis) to receive higher ratings under explicit instructions (red). 
Meanwhile experts (right side of the x-axis) appear to be mildly stifled in their degree of 
technical proficiency when given explicit instructions compared to improvising as they 
normally would, standard instructions (blue).  
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APPENDIX B: Demographic Questions & Musician Interviews 
 
(pre-performance) 
 
1. Gender: 
 
2. Age:  
 
3. # of Years of Music Training:  
 
4. # of Years of Jazz Training/Performance:  
 
5. About how many times have you improvised in a gig/live setting?  
 
6. Who do you consider to be your greatest musical influence?  
 
7. What genre of music do you play/perform most often?  
 
 
(post-performance) 
 
7. How familiar were you with the chord changes in this experiment? 
 
1------------2------------3------------4-------------5      
not at all                   somewhat            very familiar  
 
8. This chord sequence is commonly referred to as: ________________________. 
 
9. On a scale of 1-5, how comfortable are you improvising in a jazz setting? 
 
1---------------2---------------3---------------4---------------5 
not at all                               somewhat            very comfortable  
 
10. On a scale of 1-5, how difficult was this task? 
 
1---------------2----------------3---------------4---------------5 
easy                                 somewhat            very difficult  
 
11. On a scale of 1-5, how similar was this task to improvising in a live jazz 
setting? 
 
1---------------2----------------3---------------4---------------5 
not at all                              somewhat                       very  similar  
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Interview Questions for Musicians: 
1a. When asked to improvise more creatively, what strategies did you use to  
      try to enhance your creative performance?  
 
1b. How were these strategies different from improvising with standard  
      instructions? 
 
2.  What musical features do you believe contribute to the creativity of jazz     
     improvisation?  Feel free to include specific examples. 
 
3.  When you hear the word “creative”, what does that mean to you? 
 
4. During your performances, did you experience any moments of insight or  
    highly creative moments?  (You may listen back).  If so, can you describe  
    why you believe these moment are highly creative? 
 
5. Was there any difference of focus or mind-set between being asked to  
    improvise, and then, being asked to improvise “more creatively”. If so, what  
    changes did you notice? (What types of thoughts were you consciously  
    aware of while [performing?) 
 
 
6. When you normally practice your instrument/music, what types of practice  
    activities would you normally engage in (estimate a 2-hour practice  
    session) ? 
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APPENDIX C: Judging Instruction, Forms, and Questions 
 
 
Jazz Judging Form: 
 
Instructions:  
Please use your jazz expertise to rate the creativity, technical proficiency, and 
aesthetic appeal (liking) of the following performances. 
 
Please rate the performances in relation to one another. You may go back and 
re-listen to improvisations if you wish; however, payment will be based on the 
length of the playlist for each session (.mp3 files + "break"). 
 
Make sure that you are listening on high-quality headphones or speakers (not 
laptop speakers). Listening in the same environment for all judging sessions 
is highly desirable. 
 
Make sure that you are attentive and listening closely to each performance. 
In the middle of this rating session, there will be 5 minutes set aside for a 
listening break. Please you use this time in order to remain focused and 
attentive for all performances. 
 
Upon completing this form, please delete the music files from your computer. 
Thank you. 
 
* Required 
Judge I.D. Eta  
 
Judging Block   
"Block 1." 
 
Track A * 
 
1 
(Low) 2 3 
4 
(Medium) 5 6 
7 
(High) 
Creativity        
Aesthetic 
Appeal        
Technical 
Proficiency         
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Judge Essay Questions: 
1. If you had to define what makes a jazz improvisation creative, how 
would you describe that? What features might you focus-on 
specifically? 
 
2. When rating pieces high or low on creativity, were there any trends 
that you noticed? 
 
3. Did you find that you often had a difficult time differentiating between 
Creativity, Technical Proficiency and Aesthetic Appeal? 
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APPENDIX D: Jazz Chord Sequence  
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APPENDIX E: Source Code for R Analyses 
 
 
#run packages 
library(lme4) 
library(ggplot2) 
 
# ALL Masters Data 
data = read.csv("/Users/daverosen9/Documents/Grad School/Masters 
Shit/Data/Masters_Instruction Analysis_4judges_10.31.14.csv") 
 
# Make Factor variables 
data$Judge <- factor(data$Judge) 
data$Subject <- factor(data$Subject) 
data$Instructions <- factor(data$Instructions) 
data$Group <- factor(data$Group) 
data$Scale <- factor(data$Scale) 
data$Take <- factor(data$Take) 
data$Expertise <- factor(data$Expertise) 
 
 
#_____________________________#Data manipulation)____________ 
 
# Standard Instructions 
data$Instructions <- 
  relevel(data$Instructions, "S") 
 
# Takes against 1 
data$Take <- 
  relevel(data$Take, "1") 
 
#Groups against A 
data$Group <- relevel(data$Group, "A") 
 
#Scales- Creativity 
data$Scale <- relevel(data$Scale, "CR") 
 
#Log of Jazz gigs 
data$log.Jazz.Gigs <- log(data$Jazz.Gigs) 
 
# MAIN MODELS & ANALYSES for ALL SCALES (ALL JUDGES)_________ 
 
#Take 
m.0<- lmer(AvgRating ~ Take + 
             (Scale+Instructions+Take|Subject), 
           control=lmerControl(optimizer = "bobyqa"), data=data, REML=F)  
 
#Scale 
m.1<- lmer(AvgRating ~ Scale + 
             (Scale+Instructions+Take|Subject), 
           control=lmerControl(optimizer = "bobyqa"), data=data, REML=F)  
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#Add Instructions 
m.2<- lmer(AvgRating ~ Scale + Instructions + 
             (Scale+Instructions+Take|Subject), 
           control=lmerControl(optimizer = "bobyqa"), data=data, REML=F)  
 
#Instructions * Scale 
# Model seeing if interaction w/ Instructions improves model M.2 (interaction w/ Take) 
m.3<- lmer(AvgRating ~ Scale * Instructions + 
             (Scale+Instructions+Take|Subject), 
           control=lmerControl(optimizer = "bobyqa"), data=data, REML=F)  
 
#m.3 is best model 
anova (m.0,m.1,m.2,m.3) 
 
 
#Add Expertise into model_____________________________________ 
m.4<- lmer(AvgRating ~ Scale * Instructions + log.Jazz.Gigs + 
             (Scale+Instructions+Take|Subject), 
           control=lmerControl(optimizer = "bobyqa"), data=data, REML=F)  
 
#Expertise x Instructions 
m.8<- lmer(AvgRating ~ Instructions * log.Jazz.Gigs + Scale * Instructions +  
           (Scale+Instructions+Take|Subject), 
           control=lmerControl(optimizer = "bobyqa"), data=data, REML=F)  
 
# 3-way Interaction? 
m.9<- lmer(AvgRating ~ Scale * Instructions * log.Jazz.Gigs +   
           (Scale+Instructions+Take|Subject), control=lmerControl(optimizer = "bobyqa"),    
           data=data, REML=F)  
 
anova(m.3,m.4,m.8,m.9) 
 
#m.8 MODEL IS BEST.  
 
 
#_________PERSONALITY, PERFECTIONISM______ 
 
m.8<- lmer(AvgRating ~ Instructions * log.Jazz.Gigs + Scale * Instructions + 
               (Scale+Instructions+Take|Subject), 
                control=lmerControl(optimizer = "bobyqa"), data=data, REML=F)  
 
#Concern over Mistakes 
m.8.C<- lmer(AvgRating ~ Instructions * log.Jazz.Gigs + Scale * Instructions + Concern + 
               (Scale+Instructions+Take|Subject), 
               control=lmerControl(optimizer = "bobyqa"), data=data, REML=F)   
 
anova(m.8, m.8.C) 
 
#Best Model w/ All Variable and Covariates 
 
m.8.C<- lmer(AvgRating ~ Scale * Instructions + Instructions * log.Jazz.Gigs + Concern + 
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               (Scale+Instructions+Take|Subject), 
             control=lmerControl(optimizer = "bobyqa"), data=data, REML=F)  
#Mood Analysis__________________________________________________________ 
 
#NA_post 
m.10 <- lmer(AvgRating ~ Scale * Instructions + Instructions * log.Jazz.Gigs + Concern + 
NA_post + (Instructions+Scale+Take|Subject), control=lmerControl(optimizer = "bobyqa"), 
data=data, REML=F)  
 
 
#NA_post x Expertise 
m.11 <- lmer(AvgRating ~ Scale * Instructions + Instructions * log.Jazz.Gigs + Concern + 
log.Jazz.Gigs * NA_post + (Instructions+Scale+Take|Subject), 
             control=lmerControl(optimizer = "bobyqa"), data=data, REML=F)  
 
#Remove terms from the best model and see the significance of each fixed fx 
parameter________ 
 
m.8.C<- lmer(AvgRating ~ Scale * Instructions + Instructions * log.Jazz.Gigs + Concern + 
               (Scale+Instructions+Take|Subject), 
             control=lmerControl(optimizer = "bobyqa"), data=data, REML=F)  
 
#remove Scale x Instructions 
m.8.C.I<- lmer(AvgRating ~ Instructions * log.Jazz.Gigs + Concern + 
                 (Scale+Instructions+Take|Subject), 
               control=lmerControl(optimizer = "bobyqa"), data=data, REML=F)  
 
#remove Expertise x Instructions 
m.8.C.E<- lmer(AvgRating ~ Scale * Instructions + Concern + 
                 (Scale+Instructions+Take|Subject), 
               control=lmerControl(optimizer = "bobyqa"), data=data, REML=F)  
 
#remove Concern 
m.8.C.C<- lmer(AvgRating ~ Scale * Instructions + Instructions * log.Jazz.Gigs +  
                 (Scale+Instructions+Take|Subject), 
               control=lmerControl(optimizer = "bobyqa"), data=data, REML=F) 
 
 # Partial Models for P-values on Scale x Instructions 
 
m.P<- lmer(AvgRating ~ Scale * Instructions + log.Jazz.Gigs+ 
               (Scale+Instructions+Take|Subject), 
             control=lmerControl(optimizer = "bobyqa"), data=data, REML=F)  
 
m.P.c<- lmer(AvgRating ~ Scale * Instructions + log.Jazz.Gigs+Concern+ 
             (Scale+Instructions+Take|Subject), 
           control=lmerControl(optimizer = "bobyqa"), data=data, REML=F) 
 
# Partial Model, Expertise x Instructions (CR only)______________ 
m.8.C.CR<- lmer(AvgRating ~ Instructions * log.Jazz.Gigs + Concern + 
                    (Instructions+Take|Subject), 
                control=lmerControl(optimizer = "bobyqa"), data=data.CR, REML=F)   
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# Partial Model, Expertise x Instructions (AA only)______________ 
m.8.C.AA<- lmer(AvgRating ~ Instructions * log.Jazz.Gigs + Concern+ 
                  (Instructions+Take|Subject), 
                control=lmerControl(optimizer = "bobyqa"), data=data.AA, REML=F) 
 
# Partial Model, Expertise x Instructions (TP only)______________ 
m.8.C.TP<- lmer(AvgRating ~ Instructions * log.Jazz.Gigs + Concern + 
                  (Instructions+Take|Subject), 
                control=lmerControl(optimizer = "bobyqa"), data=data.TP, REML=F) 
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